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Abstract. The metabolic activity and behavior of Lactobacillus casei were investigated during 
lactic fermentation and after microencapsulation. L.casei metabolic activity in vitro was investigated 
by HPLC and Infrared spectrometry (FTIR). Following the fermentation during 78 h, we identified 
lactic acid (retention time at 4.59 min) and its synthesis to begin after 3h and increasing gradually, up 
to a productivity of 6.89 mg mL-1 after 78 h. We noticed a high activity in the first 6 hours, and the 
media was totally consumed before 12 hours. By FT-IR fingerprint during fermentation we identified 
changes of the spectra pattern, specific increasing peaks of lactic acid (1127 cm-1) during fermentation 
(from 3 to 78 h) and other specific absorption peaks at 1420 cm-1, 2845 and 2929 cm-1.  
The comparative behavior of L.casei microencapsulated in different matrices, in simulated gastric 
and intestinal juice were also studied. L.casei was microencapsulated in sodium alginate (AG), 
chitosan (CH), alginate: guar gum (AG:GU) and alginate: xanthan gum (AG:XA). The 
microencapsulation effects on the changes in survival rate of bacteria, during exposure in simulated 
gastric and intestinal juice were studied. The survivability of the strains, were expressed as the 
destructive value (decimal reduction time). The alginate beads 2% prevented acid-induced reduction 
of the cell density in simulated gastric juice, resulting in significant (P<0.05) higher number of 
survivors comparing with the beads made of other metrices and against controls. After incubation in 
simulated gastric (60 min) and intestinal juice, the number of surviving cells was 6.2 log cfu  mL-1 
against 2.1 log cfu mL-1 for non-encapsulated cells.  
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INTRODUCTION 
 
 Lactobacillus casei strains are lactic acid bacteria with probiotic effect which colonize 
the human gastrointestinal tract (Kinoshita et al., 2007), and have broad commercial 
applications. L. casei is acido-tolerant  living at an optimum pH of 5.5 and is relatively 
insensitive to inhibition by lactic acid (Bruno et al., 1999).   
Probiotics are live microorganisms which transit the gastrointestinal tract and bring 
benefits to consumers health (Tannock et al., 2000). The efficiency of added probiotic 
bacteria depends on dose level and their viability must be maintained throughout storage, 
products shelf-life and they must survive the gut environment (Kailasapathy et al.,  2000). 
The delivery of active probiotic cells in microencapsulated form received reasonable attention 
during the last 10 years, since it can reduce losses of sensitive bacteria induced by detrimental 
external factors such as oxidative or acid stress during storage and digestion (Anal et al., 
2007; Augustin, 2003). A key factor in the development of microencapsulated probiotics is 
the choice of encapsulation material, which is dependant on the desired chemical and physical 
properties, and the process of microcapsule formation. 
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Alginates are natural hetero polysaccharides containing D-mannuronic and L-
guluronic acid residues joined linearly by (1–4)-glycosidic linkages (Smidsrod et al., 1972). 
The use of alginate is preferred due to its low cost, simplicity, and biocompatibility (Klein et 
al., 1983). Bacteria (0.5–4 µm in size) are well retained in the alginate gel matrix which is 
estimated to have a pore size of less than 17 nm (Klein et al., 1983). However, the gel is 
susceptible to disintegration in the presence of excess monovalent ions, Ca2+ chelating agents 
and harsh chemical environments (Smidsrod et al., 1990). 
Chitosan proved to have excellent biodegradable and biocompatible characteristics, 
being a naturally occurring polysaccharide, extensively examined for its potential use in the 
pharmaceutical industry and the development of drug delivery systems (Park et al., 2005; 
Khor et al., 2003; Ilium, 1998). 
This paper presents experimental data regarding the metabolic activity and the 
behavior of L.casei during the lactic fermentation for 78 h, using HPLC to monitor lactic acid 
biosynthesis and Infrared spectrometry (FTIR) to evaluate specific fingerprints of the 
fermented media (I). By exposure to simulated digestive systems of non-encapsulated and 
encapsulated L.casei bacteria the effect of encapsulation in protecting the bacteria activity and 
keeping their survivability for health benefice, was also evaluated (II). 
   
MATERIALS AND METHODS 
 
Preparation of microorganisms 
Lactobacillus casei were purchased in lyophilized form from THT SA Science Park of 
the University of Gembloux, Belgium. A vial of freeze dried bacteria, separately, were 
inoculated into 5 ml MRS (de Man, Rogosa, Sharpe) broth (Merck, Germany) and incubated 
at 37°C for 24h and afterwards sub-cultured into 95 mL broth and incubated under the same 
conditions. Fermentation was run for 78 hours.  
HPLC characterization 
Aliquots of the fermentation liquid were taken every 2h to identify and determine 
lactic acid concentration by HPLC. Samples were treated at 950C for 20 minutes, and stored at 
-180C. The HPLC chromatograph (Agilent Technologies 1200 Series)  coupled with UV-VIS 
detector and an HPLC column Acclaim OA 5m, 4 X 250 mm were used. The mobile phase 
was sodium sulphate (100mM) solution (pH 2.65 adjusted with MSA) using an isocratic 
elution with a flow rate of 0.6 ml/min. The detection of lactic acid was set at =210 nm. The 
calculation of the lactic acid concentration was made from the peak area at specific retention 
time for lactic acid, and considering the regression curve factor made with pure lactic acid, as 
standard. 
FTIR characterization 
The FTIR spectra using Attenuated Transmission (HATR) and an internal reflection 
accessory made of Composite Zinc Selenide (ZnSe) and Diamond crystals were obtained with 
Schimatzu IR Prestige- 21 equipment. Each spectrum was registered from 4000 to 500 cm-1. 
The measurements were made directly in the fermented media. 
L.casei microencapsulation   
We applied the method described by Rao et al, (1989). Each type of beads (1g) was 
dispersed in 10 mL of sterile simulated gastric juice (made of 0.08 M HCl containing 0.2% 
NaCl, pH 1.5) and incubated at 37°C for 30, 60, 90, and 120 min. After each interval of 
incubation, the beads were removed, rinsed with 0.1% peptone solution. To check the cell 
viability, we disintegrated the beads in citrate solution and counted the cells after incubation 
on MRS agar plates at 37°C for 48 h. The viable cells were counted in triplicates and 
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expressed as mean log cfu mL-1.In parallel, 1 mL of free, non-encapsulated cells were 
inoculated into 10 mL simulated gastric juice (pH 1.5), incubated at 37°C and harvested at 30, 
60, 90 and 120 min. The viability was determined similarly, as mentioned above. To compare 
statistically the behavior of different beads and viability, we calculated the Decimal reduction 
time values (DV) representing the time (min) required to destroy 90% or one log of the 
microorganism lifecycle.  
Survival of microencapsulated cells in simulated gastro- intestinal juice  
Aliquots of each type of beads (1g) were first incubated in 10 mL of simulated gastric 
juice (0.08 M HCl containing 0.2% NaCl, pH 1.5) for 60 min at 37°C. After incubation, the 
beads were washed in a NaOH 1N solution and then incubated at 37°C (for 30, 60, 90 and 120 
min) in 9 mL of sterile simulated intestinal juice (0.05 M KH2PO4, pH 7.25) containing 0.6% 
sterilized bile salt (oxgall; Sigma-Aldrich), according to the method described by Krasaekoopt 
et al, (2004). After incubation, we noticed the swelling of beads, resulting a suspension. 1 mL 
aliquot of each suspension obtained was inoculated on MRS agar and incubated for 48 hours 
at 37°C, as mentioned before, to check their viability. To compare statistically the behaviors 
of different beads and viability, we calculated again the Decimal reduction time values (DV). 
Counting of bacteria cells  
Freshly prepared beads (1g) were liquefied in 99 ml of 1% (w/v) sterile sodium citrate 
(Merck, Germany) solution at pH 6.0 by shaking at room temperature for 20 min. The 
bacteria were counted in triplicates.  Viability of bacteria was done on MRS agar incubated 
for 48 hours at 30°C. The bacteria were counted in triplicates. 
Statistical analysis 
Results for 3 individual experiments were used to calculate the mean of cell counts. 
Analysis of variance (ANOVA) and Duncan’s multiple range tests were performed to analyze 
the results. Significance of difference was defined at the 5% level (P<0.05). All statistical 
analysis was carried out using Graph Pad Version 4.0 (Graph Pad Software Inc; San Diego, 
CA, USA). 
 
RESULTS AND DISCUSSION 
 
      1.Lactic acid identification and quantitative evaluation by HPLC  
Fig. 1 presents the HPLC chromatograms of fermented MRS media containing Lactobacillus 
casei, at different fermentation times (from 3 to 78 h).  
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Fig.1. HPLC Chromatograms of MRS media fermented by Lactobacillus casei, at different fermentation times 
(from 3 to 78 h). The fermentation trial was conducted on 200mL flask at 37°C. 
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The accumulation of lactic acid began shortly after the inoculums’ addition, meaning that 
cells were well adapted to fermentation conditions. We determined the retention time for 
lactic acid, at 4.59 min. The dynamic of fermentation was faster on the first 6 hours, the MRS 
media being consumed totally before 12 hours. After 12 hours of fermentation and before the 
end of the process, the lactic acid concentration kept almost constant, thus after 78 hours of 
fermentation was achieved a lactate productivity of 6.89 mg mL-1.  
2.Fingerprint of L. casei metabolic activity by Infrared spectrometry (FTIR) 
Fig. 2 presents the fingerprint of fermented media in the main IR absorption regions ( 600-
3000 cm-1), at different fermentations times ( from 3h to 78 h) comparing with free media 
MRS. 
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Fig.2. The FTIR spectra of fermented samples by Lactobacillus casei, at different fermentation times (3 to 78 h) 
comparatively with MRS media. 
 
Te region between 1300 and 900 cm-1 showed specific signal for C-O-C stretching 
vibrations of carbohydrate scaffolds and specific vibrational features of bacterial proteins, 
nucleic acids, membrane components (Goodacre et al., 1996; Kansiz et al., 1999; Choo-Smith 
et al., 2001; Filip et al., 2001). Inside this region, from 1020 cm-1 to 1150 cm-1 there are 
observed modifications of the peaks shape, with increasing values at 1127 cm-1 , where lactic 
acid signal was identified. Another peak is increasing during fermentation, at 1420 cm-1 , 
corresponding to carbonyl derivatives which are formed and may determine the specific taste 
and flavor of fermented media. The bacterial fingerprint showed also two distinctive signals at 
2852 and 2926 cm-1, mainly due to asymmetric stretches of methyl and methylene groups 
specific to lipid membranes and are characteristic to the bacterial cell wall fatty acids. The 
peak at 1750 cm-1 is attributed to C=O stretching vibrations of esterified lipids and fatty acids 
(Kansiz et al., 1999).  
3. Survival of microencapsulated cells in simulated gastro- intestinal juice 
In order to determine the influence of the pH on the survival of non-encapsulated and 
encapsulated probiotic bacteria, in vitro system was used.  
Fig. 3 shows the dynamic of Lactobacillus casei cell density (log cfu mL-1) 
encapsulated in different matrices (AG or CH at 2, 1.5 or 1%, guar gum: alginate 0.75:0.75, 
xanthan gum: alginate 0.75:0.75) in simulated gastric juice (pH 1.5), at different periods (after 
30, 60, 90, 120 min.) after incubation of beads.  All  values are expressed as average±standard 
error of triplicate (n=3), comparatively with non-encapsulated cells. The decimal reduction 
time values (DV-min) are represented for each variant. DV values which are significantly 
different (P<0.05) are marked by different letters. 
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Fig.3. Dynamic of Lactobacillus casei cell density  (log cfu mL-1) at different periods (after 30, 60, 90, 120 min.) 
after incubation of beads containing bacteria cells (AG or CH at 2, 1.5 or 1%, guar gum: alginate 0.75:0.75, 
xanthan gum: alginate 0.75:0.75) in simulated gastric juice (pH 1.5). Values are expressed as average±standard 
error of triplicate (n=3), comparatively with free cells. The decimal reduction time values (DV-min) are 
represented for each variant. DV values which are significantly different (P<0.05) are marked by different letters. 
 
The initial cell population before encapsulation was in the range of 9.24-9.48 log cfu 
mL-1. High cell entrapping in the range of 9.25-9.49 log cfu mL-1 for L. casei, in beads was 
achieved in all variants of beads. The results reveal no significant loss of viability for strains, 
99.8% of cells being successfully entrapped.  
To improve viability of the strains during exposure to the low pH of the stomach, HCl 
solution was used to determine which matrices and matrix concentration of AG, CH, and AG: 
GU, AG: XA would increase survival of cells in this environment, similarly to digestive 
system. The survivability of strains was expressed as the destructive value (D-value), which is 
in the time required to destroy 90% or one log cycle of the microorganism. Initial cell 
population was in range of L. casei (Fig.3), and the survival of cells in all variants of AG, CH, 
AG:GU, AG:XA beads being significant (P<0.05), superior to free cells. However, AG 2% 
beads entrapped L. casei (D-values 61.53 min) provided the best protection, followed by AG 
1.5% (D-values 55.55 min), AG 1% (D-values 39.60 min) and CH 1% (D-values 31.83 min), 
followed by AG:XA (D-values 30.61 min) CH 2% (D-values 30.15 min), CH 1.5% (D-values 
29.05 min), AG:GU (D-values 24.19 min) and free cells (D-values 19.60 min). The D-value 
of bacteria in CH 1%, vs. AG: XA, CH 2%, CH 1.5%, was not significantly different. 
Our results are in contrast to that of Sultana et al., (2000), who found that alginate 
matrix used for bacteria encapsulation, did not protect the organisms from high acidity. 
Meanwhile we had similar results with  Kim et al., (2008) who reported that at pH 1.2, non-
encapsulated strain (L. acidophilus) was completely destroyed after 1h of incubation while 
encapsulated strains maintained above 106 cfu mL-1 after 2h. Mokarram et al, (2009) reported 
that after 2h of incubation at pH 1.5 the stains (L. acidophilus and L. rhamnosus) encapsulated 
in alginate maintained above 107-108 cfu mL-1. Capsules with Lactobacillus casei show not 
significantly difference between AG 1.5% (7.25 log cfu mL-1) vs. AG 2% (7.54 log cfu mL-1) 
capsules, but significant difference to the rest of the matrices. Our results suggested that non-
encapsulated bacteria was sensitive to the acidic environment (pH 1.5) and the ingestion of 
unprotected L.casei might results in reduced viability (5 log reduction after 2h).  
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In order to exert positive health effects, probiotics should resist the stressful conditions 
of the stomach and upper intestine. To determine the tolerance of the free and encapsulated 
strains to the acidic pH of the stomach, another in vitro system was utilized.  
Fig. 4. Represents the dynamic of Lactobacillus casei cell density  (log cfu mL-1) at 
different periods (30, 60, 90, 120 min.) after successive incubation of beads containing 
bacteria cells (AG or CH at 2, 1.5 or 1% ,guar gum: alginate 0.75:0.75, xanthan gum: 
alginate0.75:0.75) in simulated gastric juice (pH 1.5) for 60 min and in simulated intestinal 
juice at 37°C, for 2h. The culture was exposed into a simulated gastric juice for 60 min, 
followed by a further incubation in intestinal juice with 0.6% bile salt for 30, 60, 90 and 120 
min.  
Initially, the cell population was in range 1.8 ± 0.1 x 109- 3.1 ± 0.1 x 109 for L. casei 
and the survival of cells in all variants of AG, CH, AG:GU, AG:XA beads being significant 
(P<0.05), superior to free cells. As indicated by DV -values microencapsulated cells in 
alginate and chitosan matrix survived better than non-encapsulated cells. The results indicate 
that AG 2% could increase the survivability of encapsulated cells in such condition. 
Generally, the DV -value of probiotic bacteria incubated in simulated gastro-intestinal juice 
was lower than where it was incubated in simulated gastric juice. This may be due to the fact 
that the environmental resistant of L.casei is determined by many factors such as their 
medium and cytoplasmic membrane composition. 
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Fig.4. The dynamic of Lactobacillus casei cell density (log cfu mL-1) at different periods (30, 60, 90, 120 min.) 
after successive incubation of beads containing bacteria cells (AG or CH at 2, 1.5 or 1% ,guar gum: alginate 
0.75:0.75, xanthan gum: alginate0.75:0.75) in simulated gastric juice (pH 1.5) for 60 min and in simulated 
intestinal juice at 37°C, for 2h. Values are expressed as average±standard error of triplicate (n=3), comparatively 
with free cells. The decimal reduction time values (DV-min) are represented for each variant. DV values which 
are significantly different (P<0.05) are marked by different letters. 
 
Kim et al, (2008) demonstrated that micro encapsulation using alginate 2% may be an 
effective way to increase the survival of bacteria in simulated intestinal juice. The sequential 
transfer of the free cells and encapsulated bacteria after 60 min incubation in simulated gastric 
juice resulted in an initial reduction of viable cells during the first hour of exposure to 
simulated intestinal juice. Overall, the sequential exposure to simulated gastric juice (60 min) 
and simulated intestinal juice (2h), higher numbers of bacteria surviving in the AG 2% beads 
(2.2 ± 0.1 x 106 cfu mL-1) than were obtained for free cells (1.1 ± 0.3 x 102 cfu mL-1). 
Significant differences were noticed between all variants of beads against free cells (2.1 log 
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cfu mL-1), and against AG 2% beads, while no significant differences between beads of AG 
1.5% vs. CH 2% and AG 1% vs. CH: 1% vs. 1.5% vs. AG: GU, vs. AG: XA. 
Higher numbers of surviving cells in AG 2% after incubation in gastric juice 
stimulated more cells to survive the sequential incubation into simulated intestinal juice and 
showed that the microencapsulation matrix was effective in protecting the entrapped cells 
with levels of survivors of 6.2 log cfu mL-1 compared to levels of 2.1 log cfu mL-1 for free 
cells, after 2h in simulated intestinal juice. 
 
CONCLUSIONS 
 
L.casei metabolic activity in vitro was investigated by HPLC and Infrared 
spectrometry (FTIR). Following the fermentation during 78 h, we identified lactic acid ( 
tretention time at 4.59 min) and its synthesis to begin after 3h and increasing gradually, up to 
a productivity of 6.89 mg mL-1 after 78 h. We noticed a high activity in the first 6 hours, and 
the media was totally consumed before 12 hours. By FT-IR fingerprint during fermentation 
we identified changes of the spectra pattern, specific increasing peaks of lactic acid (1127 cm-
1) during fermentation (from 3 to 78 h) and other specific absorption peaks at 1420 cm-1, 
2845 and 2929 cm-1.  
The alginate beads 2% provided significant protection of entrapped L. casei against 
the harsh acidic conditions of simulated gastric juice, the survivability of cells being 
significantly higher than for other matrices and against controls. Also, significantly higher 
numbers of bacteria survived sequential incubation from the simulated gastric juice into the 
simulated intestinal fluid, where disintegration of alginate beads and release of entrapped cells 
occurred.  
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